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3. Detailed explanation of the invention 
[Scope of the invention] 

The present invention relates to a piezoelectric motor for transforming the vibrations of a 
piezoelectric element into forward or rotating motion. 

[Prior art technology] 

Piezoelectric motors are used to transform the potent vibration energy of a piezoelectric 
element into, for example, rotation forces. They can be a compact, powerful motor with a 
simplified structure compared to conventional electromagnetic motors and have been in 
development for various practical applications. 

The piezoelectric motor generally operates in a manner in which the reciprocating motion 
of the tip of a piezoelectric element periodically abuts against an output member to rotate 
or advance it using friction. 

[Problems overcome by the invention] 

The piezoelectric element described above often has a plate shape that allows for relatively 
large vibration amplitudes. However, the plate shape does not produce sufficient 
displacement for direct driving the output member. A displacement amplifying 
mechanism is conventionally provided between the piezoelectric element and the output 
member. This imposes a further limitation on down-sizing and simplifying the 
piezoelectric motor. 

In view of the above problems, the purpose of the present invention is to provide a 
sufficiently powerful, compact piezoelectric motor having a simplified structure in which 
the piezoelectric vibrator is improved in shape to produce increased vibration amplitude 
and therefore eliminates the need of a displacement amplifying mechanism. 



[Problem resolution means] 



The structure of the present invention is described hereafter with reference to Figs. 1 and 
2. A piezoelectric element 1 has a plate shape with the tip abutting against an output 
member 2 and having a through-hole 13. 

[Efficacy] 

The tip of the piezoelectric plate element 1 having through -holes 13 produces significantly 
large vibration displacement compared to conventional ones when the same oscillating 
voltage is applied, thereby realizing a compact and powerful piezoelectric motor without a 
displacement amplifying mechanism. 

[Embodiments] 

Fig. 1 is a section view of the piezoelectric motor of the present invention. In the figure, a 
rotor 2 or an output member is provided in a motor housing 7 with the output rotation 
shaft 3 being supported. The rotor 2 is a ceramic disc, the thickness of which is stepwise 
increased to the periphery 21 from the center. The rotation shaft 3 is inserted into the 
rotor 2 at the center and is fixed thereto with a mounting metal ring 31 abutting against 
either end periphery of the opening (only one shown). 

Above the rotor 2 is provided a piezoelectric plate 1, the base 12 of which is fixed and 
supported by the housing wall and the tip 11 of which abuts against the top surface of the 
rotor 2. The piezoelectric place 1 of this embodiment is made of a lead titanate zirconate 
based PZT ceramic and is gradually reduced in width to the tip 11 as shown in Fig.2. The 
piezoelectric plate 1 has a round through-hole 13 on the main surface. The piezoelectric 
plate 1 has conductive electrodes (not shown) on both entire surfaces formed for example 
by deposition. The electrodes are connected to an alternating current source via leads. A 
felt 14 is bonded to the electrodes at the tip as a vibration absorbent. In this embodiment, 
the widths h and k of the base 12 and tip 11 and the diameter r of the through-hole are 
22mm, 12mm, and 8mm, respectively. 

The piezoelectric plate 1 is inclined by 0 in relation to the horizontal plane (Fig.l). A 
press plate 4 is provided with the tip abutting against the felt 14. The base of the press 
plate 4 is wound and rotatable around the bearing 41. A voltage 5 is vertically provided 



on the housing wall above the press plate 4. A coil spring 6 is provided between the 
voltage 5 and press plate 4 with vibration absorbing rubber sheets 61 and 62 in-between, 
respectively. The spring 6 keeps biasing the press plate 4 downward, thus pressing the 
piezoelectric plate 1 against the periphery of the rotor 2 at a fixed pressure. 

The volt 5 is screwed in a lock nut 5 1 provided on the housing wall. The voltage 5 is 
rotated and moved up or down to adjust the pressure on the piezoelectric plate 1. Here, 
the angle 9 is approximately 30 degrees. 

In the piezoelectric motor having the above structure, with alternating voltage equal to the 
resonation frequency of the piezoelectric plate 1 applied (57 KHz in this embodiment), the 
piezoelectric plate 1 extends and deforms in accordance with the polarity of the voltage. 
This results in periodically pressing the rotor 2 in the tangential direction to rotate it, as 
shown in Fig. 3. 

Fig. 3 is an enlarged view to show the deformation of the piezoelectric plate 1. When 
positive voltage is applied by an alternating current source 8, the piezoelectric plate 1 
expands in thickness and reduces in length as shown by the solid lines. On the other 
hand, when negative voltage is applied, the piezoelectric plate 1 reduces in thickness and 
expands in length as shown by the broken lines. Expansion and reduction occurs in a 
hysteric mode. Thus, the ends undergo reciprocal motion with oval tracks, as shown in 
the figure. 

The tip 11 of the piezoelectric plate 1, which abuts against the rotor 2, is substantially 
pressed against the rotor 2 when the applied voltage is altered from positive to negative, 
rotating the rotor 2 in the direction indicated by the arrow. 

The through-hole 13 serves to amplify the expansion degree of the piezoelectric plate 1. 
The output rotation rate and torque of the motor are significantly increased as shown by 
the line x in Fig.4 compared to the conventional piezoelectric plate without the 
through-hole 13 (the line y) for the same power source. 

The possible reason why the through-hole 13 serves to amplify the expansion degree of the 
piezoelectric plate 1 is that the piezoelectric plate 1 has a ring shape as a whole which 
increases the freedom of expansion of the tip 11. 
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In this embodiment, the felt 14 and rubber sheets 61 and 62 serve to prevent vibrations of 
the piezoelectric plate 1 from transmitting to the housing 7. 

Fig. 5 shows another embodiment of the present invention that comprises plural 
piezoelectric plates 1A, IB, 1C, and ID, each abutting against the outer periphery of the 
rotor 2 so as to increase the output torque. Fig. 6 shows another embodiment of the 
present invention in which the coil spring 6 directly presses the piezoelectric plate 1 
without using the press plate 4. This leads to a further simplified structure where the 
width of the piezoelectric plate 1 is not significantly larger than the diameter of the spring 
6. 

Fig.7 shows various shapes of the piezoelectric plate 1. As shown in Fig.7 (a) to (h), 
various shapes are available. The most efficient vibration transmission is obtained when 
the tip 11 has a width appropriately selected between the largest width of the piezoelectric 
plate 1 and approximately half of it. The opening size of the through-hole 13 can be 
preferably maximized within the range in which the mechanical strength is not excessively 
reduced. 

4. Brief description of the drawings 

Figs 1 to 4 show an embodiment of the present invention^ Fig.l is a cross section of the 
entire motor; Fig.2 is a plan view of the piezoelectric plate; Fig.3 is a schematic side view 
of the piezoelectric plate; and Fig.4 is a graphic representation of the output 
torque rotation rate of the motor. Fig.5 is a cross section of the entire motor of another 
embodiment of the present invention. Fig.6 is a cross section of the entire motor of 
another embodiment of the present invention. Fig.7 is a plan view to show various 
shapes of the piezoelectric plate. 



© ^ m ¥t ^ m ( a) 0S62- 239876 

©Int. CI.- IttSUE-?- ffrtSISit-f- @^B§ Pg?Q62£(1987)10/!20B 

H 02 N 2/00 8325- 5 H 

H 01 L 41/08 C-7131-5F 

/ gag* %gao% i (i4i) 

©1* SB PS61- 84667 

©tti SB SS6K1986) 4^115 



©IS 


is 






fit 




-1- 


©^ 


M 


* 


S OJ 


* Si 






©3£ 


59 




«•■ * ■ 




BJimT^WS«14S% 




©IS 


sa 




* at 








©m 


p 


A 






















©rc 


31 


A 











i . i^woss 

3 . r a <o 3 a & m m 

ICKftt^EBi-^ICIIOT*. 
*B6ft«CKft?**4>?. * CD ^ Ki * *»J 



ft ? z> ft m z w m w »c as;ji»«-ic^«ttL»TW 

tf J: 9 -BOESt-^ 0 4\B1t8 J:tffSS1t<D 
SfroHaamftEII^-^tBIRTftCk*! 

sufcaii« 2 cjtueaB-ttUftTttttfcEB*? 



-427 — 



3 #JBJ»UTfc*>. 

[ r?my)% ] 

In) - H) IS ?S J± (C J: o T h tt M V> b <D u: It 1/ X 

[ mam ] 

B £ £? <^ X , X- - $ /\ ^ > ^ 7 ft C UJ ft [§] ift 
xa5a..n-*2tt»fflttiM0«»£*'k»G> 
X cfc 0 >. ±EHKIi 3 £ 

□ 20>J:?5iCttESi61 ffEHSn. 
icftffi i i 2<&SiBiciSbT^5. 51 

A/A* 6 U X 55<5 0 U^UT, A * 6 C J: 

0 Jip f* ffit 4 WTtf^ttSSSn, ESS1 € □ - * 

2 rsi iffi c - s e x- j? u ft # x c> & 0 

± SB * il/h5«A9 5?>^lcaWfcOy i^t 

t£UttX±52EJSt£1 WSiflE^aStSCi:^ 
X i* $ 0 ft » , ± 82 ft 15 0 ft 3 0 g t U fc o 

IE f5)ft S ( tXNflttt 5 7 K H 2 ) tCIf b0>32 

ffi£>&0> □-?2«HMWi:ft8»lSlMVEU 

BttES«ircffiJB£JErtUT«fr>T3&9* 55 

fc, ei<d fofc&oan < , aw« i ttffs^ra^iRW 

ttt^rU V^^-fiUTRftton, COBS, § 



T5R3B3 62-239876 (2) 

tt , s»2HcrftTTJB<, 5fc Ms 1 1 £ A w x M <k (Si 

€ >h <5 < 1/ X 35 <2> o * U X „ E S IS 1 <0 <S i® C U 
P3 Jfc <7) ffi 3 ft 1 3#»WT»ft. E « ffi 1 C 1* ffi 
■ ^'BiCiEttVtC A (■«) ffVlftS 

n. cn6llttU-KK«ftUT3EKIIIICS 

XK01(C8t*T , S*S 1 2 0 XUftm 1 1 CDS^T 

2 2oib, 12 mnu 8 bbT^S. 
1SESS1 K*¥BlCftf bTftg* (K1B) 

Hia b «> x a& o . cmcsawfc±E7x^hi 

»tt«40)»ffltt3t«4 1 C £ S O X i& o X , 
£«4 1l39lCIslK)e6Ta*.2>. ± ffi t£ 4 <E> 
± £ C /\ 9 5? V ^ B C 'TWU h 5 & & l> X 35 9 , 

'K#A,h5fc»tt«4taictt. cn^ic^nf n 

/>> < U X , Effl fi 1 © 5t «! 1 1*a-*2tc^ 

mtt ua&ac: <t c j: k> > iEWE^eaaE'v fc£P 

/jnfBEtf£fcT*®«X-±ffiJt$;SM 1 l4D-5r 2 
tC «fc< fli U fif « 5 n % a-^2€^EP^75(Sl / M°l 

e»« i o ttiffirs »attffie ?t i 3sa»fcc 
«fto- < E-»a>iisMacR«^vhn/^a. m 4 

B»xlCStlD<, ttS^I 3 <7)£V>£5fc<DE?E 
(SfrfiOfflU/^^S (©y) CltUT^fnt>*« 

cc at s a - n o 

, ^^/jg RT-tt, 7I/bM 4 45 J: t/ =T U 
62 ; &S3l^rcC<ii(CcfcO.E15«1(DlS 



-428- 



n - 2 2 <D K m ^ i£ & ^ V> & ^ £ £ V * £6 
£ - £ <D ili ft Ml^£iQ*t£U#>£>C<L#T£ 
& „ IS 6 U tC U * R ty (0 3 «3 tC flb <7) ^ /jg * ,tn 

C«fc0B«ES«1£»E*3fc<DT-»*o E^ 

» 7 B C tt * R flB C £ E B 18 1 <D « <& fl^tt 
€r/^lTp ® <E (a) - (h) IC T $Q < , « * <D 

mvt ft fEffl t s , 5t fig i io«>rawLtta«io 

¥IBilS, ^ 3 g]«Ea^<7)fe*B8{R!iiIjS . ^4itt 



7i mS 62-239876 (3) 

m u * ft nj] o 3 6 c a> ie«s 01 £ « y t- - ? <7) £ 
KffiifiiB., 3B 7 Bklttffi«©fl6<0»lA^^y spifii 

I E?B(S ( E^^f > 

II 5t Ss 

1 3 IS & K 

2 □ - $ ( ) 

3 

4 PP fil tS 

5 * ;u h 

6 zi-fWl/M* 

ttIA #JS± 9 ■ * ■ (^S^ 



»3@ 

* 1 ta 




-429- 



h- i\s ? ( Kg. cm) 




-430- 



